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C10G9/16 



CnOCOB nOJIYHEHHH HHSUIHX OJIEOHHOB, 

PEAKTOP AJl^ EHPOJIHSA yPJlEBOAOPQAOB H AIHIAPAT 
^^Jm 3 AKAJnCH rA30B nHPO J1H3 A 

H3o5peTeHHe othochtc« k He^xexHMHHecKOH npoMBimneHHOCTH, a 
HMeHHO, K xexHonorHHM nonyneHH^ .~ o.ecJ^HHOB TepMHHecKHM 
nHpojiHsoM yrjicBOflopoAOB. 

E^aftiuHM no xexHHHecKoft cyxH h aocTHraeMOMy p^yntxaty k 
;,aHHOMy Hsoepexenmo «B™exo« H3BecxHB,fl c„oco6 „o„yHe„„H hhbuihx 
o.e4,HHOB n„po„H30M yr.eBO«opo«OB, BKnH>.aK,n„,fl no«orpeB h 
HcnapeHHe Hcxo^Horo cupB., ero cMeuzeHHe c „apo„-pa36aBHxe„eM. 
xepMH.ecK„« nnpcHs b peaKxope, ox.a.«eHHe rasoB nnponnsa h 
nocnew-mee pasae^eHHe hx. B Haoxo^ee BpeMH 3Xox cnoco6 ^B^excH 
ochobhb™ npH no.y.e„HH ™3m«x o.e*„HOB - 3X„„eHa h npon^eHa, b 
npoMB,mneHHB,x Macurra5ax. CBipBeM c„y>Kax y™eBOAopo«HHe ra3U, a 
xaK^e 5eH3H„oBB>e H ra3oft.eBB,e 4.p— np„ 3XOM cxohmocxb CBipBH 
cocxaBJWex 6onee 80% ox ctohmocxh npoH3BOflCXBa one^HHOB. 

npewapHxenBHO HcnapeHHoe h OMemaHHoe c BOflaH«M napoM cBipte 
no,aK,x B xpy6HaxB.a peaKxop. B npouecce nHponH3a. npoxeKaH,u,ero b 
„enpepB.B„OM pe,KHMe, xennoxa cB,pB» nepe«aexc. xohohkb^b rasaMH 
,epe3 cxeHKH peaKXopa. ra3M nHpcHsa no«BepraK,x pesKOMy oxna«;e„HK> 
(3aKa„Ke) h oxnpaB^K^x b ra3opa3AenHxenB„yK> ycxa„oBKy, r,e h3 hhx 
BBwenHK,x HH3mHe one*™H, Mexan, Bo«opo.. a xaKMce nencyK, h XH^enyK, 
cMOJibi nnpoJiHsa. 
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TpeSyerca nonHoe Hcnaperae yraesoflopoflHoro ctipba nepea 
noAaneii b TpySw™ pea^rop, noaxoMy KonHHecTBO napa-pa36aB„Te™ 
«o™o o5ecne™BaTS BBmo;,HeH„e 3Toro Tpe6oBa„Ha. HarpeB m [ 
xeMnepaxypu oKono 650°C Mo^cer npoHSBOflHTBCH 5e3 orpaHHHe„H» no 
npoflon>KHTenBHO0T„, ™ ynpomaeT npoBCfleHHe oxofl onepauHH. HpH 
6onee bhcokhx xeMnepaxypax na^HaK-xc, peaKUHH nHponnsa b napoBofl 
4,a3e cpe«H Koxopux mokho BBweraxB peaKUHH. Beaynwe k o5pa30BaHH» 
o.e4,HHOB. H BXopHHHB,e peaKUHH. „p„ KOXOPB.K oepasoBaBmHecH 
o„e*HHB. pacKofly^xo., nocKonsKy peawHH, BeaymHe k o6pa30BaHH» 
one<t.HHOB, conpoBO>K«aK>xcH 3„awxe.BHB.M nornouxeHHCM xenna, 
oKopocxB 3XHX peaKUHH c noBB.meHHeM xeMuepaxypB. pacr^ 6B.cxpee, MeM 

CKOpoCXB BXOPHHHHX peaKUHft. OxH0CHXe»Ha» CKOpoCXB BXOpHM„«X 

peaKUHB CHH^aexoH xaK>Ke o yMeHBmeHHeM flaBneuH.. Ho^xoMy yBenHHHXB 
BBixo« o.e*HHOB MO«HO nH5o cHH*eH„eM napuHa^BHon, aaBneHHH 
yrneBo^opoflOB b 30He peaKUHH, nH6o noBBimeuHeM xeMnepaxypH 
nHponH3a npH cooxBCTOXByK,ffleM coKpameHHH ero flnHxenBHOcXH, xo ecxB 
noBB.meH„eM ,KeoxKocxH pexHMa nuponusa (cm., HanpHMep, MyxHua T. H. 
Hap nHponH3yraeBOSopoflHorocMpk9.M. 1987). 

Bee „Hpo™3HB.e ycxaHOBKH CHa5«aK>x cpeactBaMH 3aKano™oro 
oxna>Kae„H» ra30B nHpo™3a. Hxo6b, noxepH o.e*HHOB He npeBB,0H„H 
aonycxHMoro ypoBHH, BpeM, 3aKa„OHHoro oxna=K«eHH« ra30B nHpo™3a ao 
xeMuepaxypBi npeKpau,eHH« btophhhb,x peaKUHft, xo ecxB flo 650»C, He 
aoaKHO npeBBimaTB 10...15% ox BpeMeuH npe6B.BaHHH chpbh b 30He 
„„po.H3a (CM., HanpHMep, Abrigh. L. F., Crynes B. L., Corcoran W. H., 
Pyrolysis: Theory and Industrial Practice, Academic Press, N-Y-London, 
,983) H3Becx„« abb cnoco5a 3aKa;ioHHoro oxna^eHHH: np^oe, 
HenocpeacTBeHHBtM KOHxaKXOM c BoaoH HHH apyrHMH ™ocx™h. 



BnpbicKHBaeMi.iMH B noTOK rasa, H nenpHMoe, c HcnojiBSOBaHHCM 
Tenjioo6MeHHoro annapaxa. HpaMoe oxna>KfleHne He3KOHOMHHHO, xaK KaK 
yBejiHHHBaeT npoAyKxoBBm noxoK, nojmeyK^muu pa3flejieHHK) b 
rasopasAejiHxeJiBHOH ycxanoBKe, h cHH^aex bo3MO)khocxh yxH^H3a^HH 
xenjia, coAepjKamerocH b rasax nnpojiHsa. HoaxoMy o6bihho npHMeHHiox 
HenpHMoe oxjia>KfleHHe b saKajioHHO-HcnapHxejiBHBix annapaxax, 
BBipa6axBiBaK>mHx nap bbicokofo flaBncHHK (cm., nanpHMep, Ba6am C. E. h 
flp. yxH^H3a^H^I xenJia b saKajiOHHO-HcnapHxejiBHBix annapaxax. M. 1987). 

06meH npo6jieMOH Bcex xpyGnaxBix nHponnsHBix ycxanoBOK 
HBJUiexca KOKcoBaHHe cxenoK nHpoxpy6 n pacnojio^KeHHBix HH>Ke no 
noTOKy annapaxoB, xpe6yiomee nepHOAHnecKoro BBmHranHH kokcobbix 

OTJIO:»CeHHH. 

Ha npoT^TKeHHH nocjieAHHX copoKa nex yBejiHHenHe BBixoAa 
ojie(^HHOB ^laHHBiM cnoco5oM AOCxnrajiocB noBBimeHHeM xeMnepaxypBi 
nnpojiHsa, npaKXHHecKH 6e3 HSMeHeHHfl flaBneKHfl b peaKUHOHHofi 30He. Ao 
nanajia mecxHAeenxBix foaob npHMenaJiHCB pemBi nnpoJiH3a c KOHeHHOH 
xeMnepaxypoH npouecca oKono 750°C h BpeMeneM KonxaKxa 1...2 c. B 
AajiBHefimeM xeMnepaxypa npoyecca 6BiAa noAHHxa ao 800°C npn BpeMenn 
KOHxaKxa 0,6... 0,7 c. B ceMHAecflXBie roAbi cxajin npHMcnaxB nnponns c 
xeMnepaxypoH npouecca 830...850'C n BpeMeneM KOHxaKxa 0,3...0,4 c. B 
HTore 6BinH co3AaHBi xpyGnaxBie nenn nHpojiH3a xnna «MHJinHceKOHA» c 
BpeMeneM npe6BiBaHHH cBipBH b 30He nHpojiH3a 0,07... 0,1 c npn 
xcMnepaiype npo^ecca 870...900°C. flaBJieHHe na BXOAe b nnpoxpyey 
cocxaBHHex 0,27...0,41 MHa, na bbixoac okojio 0,18...0,19 MHa. Hpn axoM 
AocxHrayxBi cjieAyromne bbixoabi KOMMepnecKH ^eHHBIX npoAyKXOB. 
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Cbipbe 


Bbixofl, % K Macce yrjicBOAopoAHoro cbipbfl 


3THJieH 


IIponHJieH 


ByxaflHeH 


70% 3TaH 
30% nponaH 


50,7 


4,2 


2,4 


Ha(^Ta 


34,3 


14,8 


5,2 


BaKyyMHbiH 
raaoHJib 


28,5 


15,3 





AajibHeHinee noBwrneHHe TeMnepaxypw nnponHsa b xpySnaTbix 
ycxaHOBKax CHHTaexcH He^eJIecoo6pa3HbIM, xaK KaK 3xo npHBejio 6bi k 
HeflonycxHMOMy yxyfluieHHK) flpyxHx hx xapaKxepncxHK - CHH>KeHHio 
npoHSBOflHxejibHOCXH H coKpameHHK) AnHxejibHOCXH npo6era Mew 
Bbi^HxaMH KOKca (CM. NOWOWIEJSKI G. B. et ORRISS R., Le craquage 
de gasoil sous vide par la technique milliseconde, Petrole et techniques 
305-mars 1984, pp 30...37). 

BMecxe c xeM ohcbhaho, hxo BbixoAW oJie4)HHOB mo>kho 6bmo 6bi 
sHaHHxenbHO noAHHXb sa cnex cHH^eHHH AaBJieHHH b sohc nnpojiHsa. Ho 
3xoro Henb35i cACJiaxb npn HcnojibSOBaHHH xpy6Haxbix peaKxopoB, r^e 
nepcAana xenna b 30Hy peaKUHn npoHSBOAHXca nepes cxchkh nHpoxpy6bi. 

BjiHJKaHUiHM no HasHaneHHio h AOCxHraeMOMy pesyjibxaxy k 
peaKXopy no AanHOMy H3o6pexeHHK) HBJiHexc« MHoronoxoHHbm xpy5HaxbiH 
peaKXop xnna «MHJiJiHceKOHA», coAep>KamHH naxpyGoK ajia noABoaa 
cbipbH B BHAe KOJiJieKXopa, k KOXopoMy npHCoeAHHenbi necKOJibKO AecnxKOB 
npHMbix BepxHKajibHbix nnpoxpye a^hhoh okoao 10 MexpoB h AHaMexpoM 
25... 35 MM, pacnono5KeHHbix b paAHamioHHon KaMepe neMH, o6orpeBaeMOH 
ropejiKaMH. BbixoAbi nnpoxpyG, cjiy>Kan;He naxpy6KaMH ajih oxBOAa rasoB 
nnpoJiHsa, HenocpeACXBCHHO coeAHHenbi c saKajioHHO-HcnapnxenbHbiMH 
annapaxaMH xHna «xpy6a b xpy6e», b Koxopwx oxna^cAaioxcH ra3bi 



nHpOJIHSa. Oco6eHHOCTBK, 3THX yCTEHOBOK HBJIHeTCH BBICOKaa 

TennoHanpHMOCTB nosepxHOCXH nHpoTpy6Bi, H3-3a Koxopofi 
TCMnepaiypa cBipbH b6jih3h cxeHKH GdJibine, neM b uenxpe Tpy6Bi, Ha 
100...300°C. Bojiee BbicoKaa xeMnepaxypa b npHCxeHHOM cnoe 
cnoco6cxByex npoxeKaHHio sACCb BXopuHHbix peaK^HH, npH Koxopbix 
pacxo^K)xc« ojie^HHbi, h o6pa30BaHmo KOKCOBbix oxno)KeHHH. 
HepaBHOMepHOCXb narpeBa cbipb« no noxoKaM b cbh3h c ne Bnojine 
paBHOMepHbiM pacnpeflencHHeM pacxoflOB no nnpoxpyGaM h 
HepaBHOMepHbiM o6orpeBOM nnpoxpyS xaioKe cnocoGcxByex CHH^eHHK) 
BbixoflOB ojie^HHOB. Bbi>KHr KOKCOBbix oxHO^eRHH B nHpoxpy6ax 
npoH3BOAHXC« HHCXbiM napoM Hepe3 Ka>K;^bie 8...12 AHen pa6oxbi h 
npoAon^aexcH oKono 12 nacoB. XeMnepaxypa BHeniHen noBepxHOCxn 
nnpoxpye b nponecce pa6oxbi Mo^ex Aocxnraxb lOSOX. 

Aa:ii>HeHmee noBbimeHHe xeMnepaxypbi nHpo™3a b 3xoh ycxanoBKe 
Henejiecoo6pa3HO ne xohbko noxoMy, hxo ajih 3Xoro noxpe6oBanocb 6bi 
noBbicHXb xeMnepaxypy nnpoxpyG, ho eme h noxoMy, hxo 3Toro 
noxpe6oBanocb 6bi yMCHbrnnxb BnyxpeHHHH AHaMexp nHpoxpy6, a 3x0 
npHBeno 6bi k CHH^Kennio npoH3BOAHxenbHocxH h coKpamenHio 
^HHxenbHocxH npo6era neHH Me^fly BbrnHxaMH KOKca. Cnn^axb ^aBncHHe 
B 30He peaKnHH xaK^e He^eJIecoo6pa3HO, xaK KaK 3x0 npHBeno 6bi k 

CHH)KeHHK> npOH3BOAHXenbHOCXH. TaKHM 06pa3OM, xexHHHecKHe 

xapaKxepHCXHKH xpyGnaxbix peaKxopoB nHponH3Hbix ycxanoBOK AocxHrnn 
HacbimeHHH H CKO.bKO-HH6yAb 3HaHHxenbHoe hx ynyHmeHne xpe6yex 
H3MeHeHH. npHnnnna ^encxBH. (cm. NOWOWIEJSKI G. B. et ORRISS R., 
Le craquage de gasoil sous vide par la technique milliseconde, Petrole et 
techniques 305-mars 1984, pp 30. . .37). 
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BjiH5KaHinHM no -rexKHHecKOH cyxH h flocraraeMOMy pesyjitxaTy k 
annapaxy jm saKajiKH rasoB nnpojinaa no ;taHHOMy H3o6peTeHHK) HBJweTCfl 
H3BecTHi.iH annapax sna saKajiKH rasoB nnpojinsa b xpyGnaxBix neHHBix 
ycxaHOBKax, coflep>KamHH xenjioo6MeHHHK, HMeioninn pasAejieHHtie 
cxeHKOH o6i.eMi.i, b o^hom h3 KOXopBix ABH>KyxcH oxna»cflaeMbie rasbi 
nnpoHHsa, a b ^pyroM HaxoflHXca Knmimafl Bo^a. B 3X0m annapaxe, 
HMeK>n;eM KO>Kyxo-xpy5Haxyio KOHClpyK^HK), rasti nHpojiH3a ^iBH«yxc« no 
xpy6KaM. AnnapaxBi xaKoro xnna renepHpyiox nap aaBneHneM no 
13 ... 14 MHa (CM. U. S. Patent 3,392,21 1 Buschmann K. et al. Production of 
Ethylene by thermal Cracking of Hydrocarbons). 

BBHAy Majioro ^naMexpa xpySoK xenJioo6MeHHHKa annapax co3aaex 
6ojiBnioe conpoxuBJieHne noxoKy oxjia^KflaeMoro ra3a h nyBCXBHxejieH k 
. 3aKOKCOBBiBaHHio. Annapaxbi xaKoro xnna o6biHHO co3aaiox nepena;^ 
flaBneHHH B oHHuieHHOM cocxoHHHH He Menee 0,02. ..0,03 MHa, a b 
3aKOKCOBaHHOM cocxoHHHH AO 0,07 MHa H BBime, ™ noBbimaex flaBJieHHe 
B pacnojio^KCHHOM BBime no noxoKy peaKXope nnponnsa n CHH>Kaex bbixoa 
ojie^HHOB. CHH3HXb HOxepH AaBJieHHH Ha 3aKajio™oM annapaxe MO)KHO 
jinnib yMeHbuiaa cKopocxb ra3a b xenjioo6MeHHbix xpyGKax h yBejiHHHBaa 
HX AHaMeip, HO xaKoe pemenne neAonycxHMO, xaK KaK npHBejio 6bi k 
cHHaceHHK) cKOpocxH 3aKajioHHoro oxjiaacACHHa. 

^aHHoe H3o6pexeHHe pemaex 3aAaHy yBejiHHCHHH bbixoaob hhsuihx 
oJiec^HHOB npH xepMHHecKOM nHponH3e yrncBOAopoAOB 3a cnex cHH^enHfl 
BblXOAOB MexaHO-BOAOpOAHOH ^paK^HH H CMon - XH^ejibix npoAyKXOB 
nnpoJiHsa. 

nocxaBJicHHaa 3aflaHa pemaexcji nyxeM cHH>KeHHH AaBnenHH b 
peaK^HOHHOH 30He, a xaK>Ke nyxeM yBejiHHeHHH paBHOMepnocxH narpeBa 



pearapyiomeH cmcch b peaia^HOHHOH sone, a TaKJKe nyxcM coKpameHHH 
npoflon^HxeJibHOCTH saKajiOHHoro oxna^flCHHa npoflyKxoB nnpojiHsa m 
TCMnepaxypbi npeKpamcHHa btophhhwx peaK^HH. 

YKaaaHHaa sa^ana pemaexca xeM, hto b cnoco6e nojiyneHHa hhsuihx 
ojie(t)HHOB nnpojiHsoM yrjieBOflopoflOB, BKJiioHaiomeM noflorpeB h 
HcnapeHHe hcxoahofo cbipBH, ero cMemeHHe c napoM-pa36aBHTeneM, 
xepMHHecKHH nnpojiHS b peaKxope, oxjia^KflCHHe rasoB nnpojiHsa h 
nocjie^yiomee paaflejieHHe hx, b oxjiHHHe ox HSBecxHoro cnoco6a no 
npoxoxHny flJia xepMHHCCKoro nnpojiHsa Hcnojitsyiox peaKxop b bh^c 
jionaxoHHOH MauiHRM, pa6oHHM xejioM KOXopoH HBJiHioxcH rasBi nnpojiHsa. 
TaKHM o6pa30M, xeimo, Heo6xo;^HMoe ajih npoBeflCHHa peaia5HH nHpojiHsa, 
renepHpyiox HenocpeflcxBeHHO b o6i.eMe pearapyiomeH cmcch sa CHex 
FHflpoflHHaMHHecKoro xopMO>KeHHH poxopa peaKxopa, spamaeMoro 
npHBOflOM. npH 3XOM ycxpaHHioxcH npoeneMBi, cBHsaHHwe c uepemnePi 
xenjia b sony peaK^HH nepes cxchkh peaKxopa, BKJiiOHaH BbicoKoe aaBJienHe 
B peaK^HOHHOH 30He H HepaBHOMepHBiH HarpeB ctipbH no ceneHHio noxoKa. 
Cnoco6 MO^ex 6utb HcnojibsoBan npn nnpojiHBe rasooGpasHoro Hnn 
HcnapeHHoro yraeBOflopoflHoro ctiptfl, xaKoro KaK 3xaH, nponan, na^^xa, 

6eH3HH, KepOCHH, aXMOc4>epHI.IH H BaKyyMHBIH raSOHJIH H HM n0A06HI,IX. 

noxoK cbipbH MO>Kex coAepHcaxB Ao6aBKH, HHH^HHpyIOI^He >KejiaeMbie 
peaKUHH nnpojiHsa hjih HHrH6HpyiomHe o6pa30BaHHe kokcobbix 

OXJIOMCeHHH. 

B KOHKpexHOM cnynae peaJIH3a^HH cnoco6a b KanecxBe npHBO^a 
peaKXopa npHMeneH ra30xyp6HHHMH flBHraxent. 

npn KOHKpexHOH peaJIH3a^HH cnoco6a noflorpcB cbipba h napa- 
pasGaBHxejw npoHSBOflax b xenjioo6MeHHHKe, Koxopbm coeflHHHiox c 
BbixJionHbiM naxpy6KOM ra30xyp6HHHoro flBHraxejia. 



npH eme oflHOH KOHKpexHOH peajiHsauHH cnoco6a nocjie noflorpeBa 
cBipBH npoH3BOflHT Aono^HHxenBHBiH ero noAorpeB b Ten;ioo6MeHHHKe, 
coeflHHeHHOM c naTpy6KOM oTBOfla ra30B nuponHsa us peaxxopa. 

YKaaaHHaa saaa^ia pemaexcH eme h xeM, hto peaKxop fln« nHpojiHsa 
yrneBOflopoflOB, BiaiioHaiomiifi naxpyGxH noABOfla CBipBH u oxBOfla 
rasoB nHpoJiHsa, b oxnHHHe ox H3BecxHoro peaKxopa no npoxoxHny 
BBinojiHeH B BHfle jionaxoHHoii MamHHBi, coAep>KameH Kopnyc h poxop, b 
Kopnyce BBinonHena nonocxB, b Koxopofi paBMemeHBi HenoflBH>KHBie 
HanpaBn«K>mHe nonaxKH, coe^HHenHBie c xopnycoM, h poxop c pa6oHHMH 
nonaxKaMH, npH sxom naxpy6KH «nH noABO^a cBipBH h oxBOAa rasoB 
nupoHHsa coo6meHBi c 3XOH nonocxBK). 

B KOHKpexHOH ^opue HcnojiHeHHH Kopnyc peaKxopa cocxohx h3 
KO>Kyxa H cKpenneHHOH c hhm BHyxpeHHefi )KaponpoHHOH o6onoHKH, npH 
3XOM KO»cyx HSHyxpH noKpBix xennoHsojijmneH. 

B ApyroH KOHKpexHOH (^opMC HcnoJiHeHHH pa6o™e nonaxKH poxopa 
BBinoHHeHBi paAHa^BHBiMH H HMeK,x KaHanBi, coo6maK>mHec. c 
naxpy6KaMH aJM noABOAa CBipBH. 

YKasaHHa^ 3aflaHa pemaeTc« eme h xeM. hto annapax saKamH 
rasoB nHpo;iH3a, coflep>KawHB Te™oo6Me„HHK, HMeK,a,HH pa3fle«eHH«e 
CTeHKOH oeseMH oxna«flaeMoit h HarpeBaewoH opefl, b oraHHHe ox 
H3BeoTHoro annapaxa no npoxoxHny cHa6«eH xpoBHHKOM h cxpyiiHtiM 
3,KeKTopoM. cocxoHUiBM H3 conna, npHeMHofi KaMepH H KaMepu CMeuie„Ha, 
npHHeM KaMepa cMemeHHH 3»eKxopa h o«hh h3 naxpy6KOB xpoBHHKa 
coo5meHU c o6x,eMOM o^aeMoft cpe«B,, a npHeMHaH KaMepa 3>Ke.cxopa 
coeAH„e„a c „pyrHM naxpy6KOM xpottHHKa. HpH xaKofl KOHCxpyWHH 
annapaxa KopoxKoe BpeM<. 3aKa.KH conexaexcH c MaiiBiM nepenaaoM 



sasneHHii b 3aK^o,HOM annapaxe. B«3BiBaeMoe 3Thm yMeffimeHHe 
«aB«„H, B peaKTope ycHnHBaex 3*-DeKr. «ocT„raeM«« apyrHMH 
o6i.eicraMH H3o6peTeHH<i. 

H3o6peTeHHe noacHHercji qepTescaMH, rae: 

Ha (i-Hiype 1 H3o6pa5KeHa npHHUHraajn.Ha» cxeMa ycranoBKH wia 
pea^HsauHH cnoco6a no^He„™ HiomHX o;,e4,HHOB, Ha 4.Hrype 2 
„306pa,KeH npoao^Htifl pa3pe3 (noMaHHBrti) peaKxopa ana n„ponH3a 
yrneBOflopoaoB, Ha *Hi7pe 3 H3o6pa«eH nonepe™«H pa3pes peaKxopa ^ 
nHpo™3a y™opo«OB, na *Hrype 4 H3o5pa«eHa pa6o,a. nonaxKa 
(npoaonBHBm pa3pe3). Ha ^.Hiype 5 H3o6pa*eHa pa6oHaa nonaxKa (bhs co 

a vT,r>vnfM-i Ha tarvpe 6 H3o6pa5KeH annapax wia 

CXOpOHM BBIXOflHOH KpOMKHJ, Ha Kgniyv^ 

3aKanKH rasoB nnpojiroa (b pa3pe3e). 

VcxaHOBKa ana peanHsauHH c„oco5a BKaK-naex noflorpeBaxeaB 1. 
annapax., ana 3aKanKH ra30B nHponH3a 2 h 3, peaKrop 4, ra30xyp6„HHufl 
„BHraxenB 5, coeaHHeH„«H c peaKTopoM 4 BanoM 6 h c noaorpeBaxeneM 1 

BbixJionHbiM naTpy5KOM 7. 

npH peanH3auHH cnoco6a CB,pBe ana noaorpeBa h HcnapeHHa 
noaaK,x H3 BHemHero HCxCHHKa noa aanneHHeM (na nepxe^e He noKa3aH) 
B noaorpeBaxenB 1. BB,nonHe„H«« b BHae Ko»cyxoxpy6Horo 
xe™oo6MeHHHKa, b Me,Kxpy6„oe npocxpaHcxBO Koxoporo noaa^ox 
BB,xnonH«e ra3H ra30xyp6H„Horo aBHraxena 5. B noaorpeBaxenB 1 
noaaK^x xaK>Ke nap-pa36aB„xenB ox BHemnero HcxoHHHKa noa aaBnenneM 
(na Hepxe>Ke He noKa3aH) ana cMernHBanna c CBipBeM. KonnnecxBO napa- 
pa36aBHxena aon=KHO 5«xb aocxaxo.HBiM a^ nonHoro Hcnapenna cBipBa. 

H3 noaorpeBaxena 1 cMecB CBipBa h napa-pa36aBHxena noaaK>x b 
annapaxB, ana 3aKanKH rasoB n„ponH3a 2 n 3, rae 3a cnex yx„n„3anHH 



TennoTBi rasoB nnponHBa noflorpeBaK>T npH6nH3HTenBHO ao TeMnepaiypBi 
SSC-eOO-'C. KoJiHHecTBO arax annapaxoB b ycxanoBKe onpeAejiHexca 
KOHCxpyKXHBHBiMH coQ6pa>KeHH«MH. noApo6Hee annapax An« sanajiKH 

rasoB nnpojiHsa onHcan HH2Ke. 

H3 annapaxoB ahh saKajiKH rasoB nnponnsa 2 u 3 cmcci. cbipba c 
napoM-pa36aBHxeneM noAaiox b peaKXop 4, BMnoiiHeHHBiH b bhac 
nonaxoHHOH MauiHHBi, pa6oHHM xejioM KoxopoH «Bn5iK)xcH ra3Bi nnponHsa. 
B 3XOM peaKXope xenno, Heo6xoAHMoe ahh npoBeAeHHH peaxuHH nHpoJiHsa, 
reHepHpyexcH HenocpeACXBeHHo b o6i.eMe pearHpywefi cMecH sa cnex 
rHApoAHHaMHHecKoro xopMO^eHH« poxopa peaKXopa, BpamaeMoro 
npHBOAOM. TeMnepaxypa npoyecca MO^ex noAAep>KHBaxBCH ™6o 
HSMCHeHHCM HacTOTBi BpameHHH poxopa npH nocxoHHHOH noAane CBipB«, 
nH6o HSMCHeHHeM noAaHH CBipB. npH nocxoHHHOH Hacxoxe BpameHHH 
poTopa. 

rasBi nHpoJiHsa oxjia^Aaiox npH6™3HxenBHO ao xeMnepaxypBi 
400...450°C B annapaxax ahh saKajiKH ra30B nnponHsa 2 h 3, a saxeM aJih 
pa3AeneHHH HanpaBn5iK>x b ra3opa3AeJiHxe^BHyK> ycxaHOBKy (Ha Hepxe>Ke ne 

noKasaHa). 

npHBOAOM B ycTOHOBKe cJiyJKHT ra30Typ6HHH™ ABHraxeJii. 5. Oh 
coeflHHeH c peaKTopoM 4 b«xo,h«m bo^iom 6. a c noaorpeBaxe^eM 1 
BHxnonHMM naxpySKOM 7. H3o6pa>Ke„ r^0Typ6HHH«« flBHraxenB 
npocToro «HK«a 6e3 npoMe>KyTOHHBnc noaorpeBaxeneft h oxnafl^e^ieH 
paSoHcro xena. npH peanH3a«HH flaHHoro cnoco6a MOiyx 5s,tb 
„cnonB30Ba„B, xaK,Ke flBHraxe™, pa6oTaK>mHe no cno^HOMy UHK^y c 
HonoHBSOBaHHeM npoMe,KyTo™B,x noAorpeBaxeneft h ox.a«HTene« 
pa6oHero xena. npeHMymecxBO hmok^x ABHraxe™, no nacxoxe BpameH«« 
„onycKa»mHe nenocpeAcxBeHHoe coe«HHe„ne c peaxxopaMH no aanHOMy 
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H3o6peTeHHK) H ABHraxejiH, ncnoJib3yiomne ra30o6pa3Hi.ie bh^bi xonjiHBa. 
B nocjieAHCM cjiynae b KanecTBe TonnHBa motkho HcnonwoBaTb Mexano- 
BOflopoAHYK) (^paKUHK), BbwejiHeMyio h3 npoflyKXOB nHponHBa Ha 
rasopasAejiHxejibHOH ycxanoBKe. HaH6ojiee noflXOAHmHM flJiJi 
nepBOHanajiBHoro BHeflpeHHfl npHBOflOM HBHiiexca ra3oxyp6HHHbiH 
flBHraxenb aBHa^HOHHO^o xnna. npHcymnfi xaKHM flBHraxenaM HecKonbKO 
noHH>KeHHbiH KO^(^^H^HeHX nojiesHoro AeHCXBHH KOMneHcnpyexcH 
MeHbinefi cxoHMOCXbio u ra6apHxaMH, a oxHOCHxejibHo BbicoKaH 
xeMnepaxypa BbixnonHbix rasoB (400...450°C) MO>KeT 6biTb 3*^eKXHBHO 
HcnoJibsoBana AJia npe^BapHxenbHoro HcnapeHim h noflorpesa cbipbH. 
Moryx 6bixb HcnonbsoBaHbi h Apyme npHBOAbi, nanpHMep, 
ancKxpoABHraxejiH HHH napoBbie xyp6HHbi. 

PeaKXop AJW nHpojiHsa yrneBOAopoAOB no AaHHOMy H3o6pexeHHK) 
coAcp^KHx Kopnyc, BKJiioHaiomHH Ko^yx 8 c KpbimkaMH 9 H 10. 
BHyxpeHHHe noBepxHOCXH KO>Kyxa 8 h KpbimeK 9 h 10 noKpbixbi 
xe^JIOH30JIa^HeH 11, 12 h 13. Kopnyc BKnionaex xaK^Ke ^aponponnyio 
oeojioHKy, o6pa30BaHHyio aexajibio 14, cKpenneHHofi c KO^yxoM 8, h 
AexaJi^MH 15 h 16, cKpenjieHHbiMH c KpbiuiKaMH 9 h 10. K Aexann 14 
Kpen™ HanpaB^HiomHe nonaxKH 17 h 18. K Aexaji«M 15 h 16 Kpen™ 
HanpaB^HiomHe JionaxKH 19 h 20. Ko)Kyx 8 cnaG^eH naxpy6KaMH ahh 
noABOAa cbipbH 21 h naxpy6KaMH flJia oxBO^a ra30B nHpojiH3a 22. Poxop 
cocxoHx H3 Bajia 23 h pa6oHero Koneca 24 c pa6oHHMH jionaxKaMH 25. 
Baji 23 onnpaexcH na paAHaJibHbiii 26 h paAHaJibHO-ynopHbifi 27 
noAmnnHHKH h ynjioxnen ABOHHbiMH naGnpHHXHbiMH ynJioxHeHHHMH 28 n 
29, B nonocxH Koxopbix no^aexc^ nap ox BHemnero HCxoHHHKa (na Hepxe>Ke 
He noKa3aH). Xbocxobhk 30 pa6oHeH nonaxKH 25 coeAHHen c o6oaom 
pa5oHero KOJieca 24 saMKOM xnna nacxoHKHH xbocx. B JionaxKC 25 
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BB.nonHe„B, paaHajiBHMe KaHanB, 31 «n» nponycKa CMecH cMpt.» c napoM- 
paseaBHTeneM, BunonMiomeH (tyHKAHH oxna^naiomeH cpeflH. 

PeaKTop pa6oTaeT cneayiofflHM o5pa30M. H3 naTpy6KOB ara noflBoaa 
cbipM 21 cMecb HcnapeHHoro cBipia h napa-pa36aBHTenH nocrynaex b 
3a3op Me>Kfly KO^yxoM 8 h acaponpoHHofl o6o«oHKOfl h flanee no KaHanaM, 
BBinonHeHHBiM B pa6o^eM Konece 24 h pa5o™x nonaxKax 25, nocxynaer b 
KOHBUeByro nonocxB, coflep«amyK> pa6o™e jionaTKi. 25 h HanpaBnaroiHHe 
flonaxKH 17, 18, 19 h 20. Haxowimaacii b KonbueBoft nojiocra cpefla 
B^aHMOfleiScTByer noonepeaHO c pa6oHHMH TOnaTKaMH 25 h 
Heno^BH^HBiMH HanpaB^^mHMH nonaxKaMH 17, 18, 19 h 20. npH 3xom 
jiHHHH TOKa HMeiox BHfl flByx cnHpajiefi, CBepHyxBix b npaBoe h JieBoe 
BHxpeBBie KOHBUa. TaKHM o6pa30M, B03HHKaK,x «Ba coo6fflaK>nweca Mewy 
co6ofl KOHxypa wpKynauHH ra30B nBponH3a. MoMeHx, xopM03,n«rti poxop, 
nepeaaexc. cpefloB, o6xeKaK,n,efl pa6oHHe jionaxKH 25, HanpaB^K-mHM 
nonaxKaM 17, 18, 19 h 20. 3HeprH«, xepaeMaa poxopoM, npeo6pa3yexca b 
xeimoxy HenocpeacxBeHHO b o6BeMe nHponH3Horo ra3a. BcneflcxBHe 
HHxeHOHBHoro nepeMernHBan™ xeMnepaxypa nnponHSHoro ra3a h 
KOHueHxpauHH BemecTB BB.paBHHBaK>xca no o6«My peaKxopa. 
nocxynammee cBipBe npa^ecKH MrnoBeHHO CMemHBaexcH c naaMH 
n„po™3a, npH 3xom nanajiBHaa xeMnepaxypa H3Me™excH flo xeMnepaxypBi 
nHpojiHsa. 

MepHAHOHajiBHOH cKopocTB cpeflBi B KOHTypax UHpKynH«HH Mo^ex 
cocxaBnaxB okojio 500... 600 m/c, a cyMMapHsm MaccoBBift pacxoA b wx 
KOHiypax ^HpKy.H^HH MO^ex opHeHXMpoBOHHO B 30...60 pas npcBBimaxB 
pacxoA no cBipBK>, noAaBaeMOMy b peaKXop. OKpy.KHa« cKopocxB kohuob 
paGoMHX .onaxoK MOKex cocxaBnnxB 200...300 m/c (npeAnoHXHxenBHO 
230.. .270 M/c), cpeAHee ^aBJieHHe b bohc peaKUHH okojio 0,09...0,15 MHa. 
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no cpaBHeHHK) c coBpeMeHHbiMH raaoBLiMH lypSHHaMH, r^e oKpy^Haa 
cKopocTB KOH«oB pa6oHHX ^onaxoK cocTaBHHeT 300...350 M/c, pa6oHHe 
nonaxKH peaKXopoB no AaHHOMy H3o6pexeHHK> HcnBixBiBaiox MeHBUiHe 
MexaHHHecKHe Hanp«>KeHHH ox fleiicxBHH yeHxpo6e™x chji. UuyKC xaK^e 
Hanpji^eHH^ H3rH6a ox AeHCXBHH aapoAHHaMHHecKHX cnsi, nocKOJibKy 
nnoxHOCXB pearHpyiomeii cpeflBi b 3.. .5 pas MeHBine hjioxhocxh pa6oHero 
rasa b rasoBBix xyp6HHax. OflnaKO xeMnepaxypa pa6oHHX jionaxoK 
peaKxopa MO>Kex 6bitb HecKOJiBKO BBime, neM b rasoBBix xyp6HHax, BBH^y 
xoro, HTO AHH oxjia^KAeHHH nonaxoK b peaKXope HcnoABsyexc^ cmccb napa h 
cBipBfl, npeABapHxeJiBHo noAorpexaH flo xeMnepaxypBi okojio 550. . .600°C. 

nocKOJiBKy cxeHKH, orpaHHHHBaiomHe peaK^HOHHBIH o6i.eM, He 
HcnonB3yK,xcH noABOAa xen^a k pearMpyK>meH cpe^e, hx xeMnepaxypa 
oxHOCHxenBHO HeBBicoKa, -ixo Ao™ npHBecxH k yMeHBmeHHK> 
BBweneHHH yrnepo^a no cpaBneHHio c xpyGnaxBiMH peaKXopaMH npn xex 
^e BHAax cBipBH. yMeHBineHHH BBiAeneHH^ yriiepoAa cneflyex o^xb 
xaK^e B pesyiiBxaxe MeHBmero, neM b xpyGnaxBix peaKxopax, AaBnennH b 
peaK«HOHHOM o6^eMe. BBicoxa. cKopocxB noxoKa b peaKynoHHOM oG^eMe 
6yAex npenHTCXBOBaxB o6pa30BaHHK) kokcobbix oxjio^enHH na Bcex 
cxeHKax, orpaHHHHBaromnx 3XOX oe-BeM. 

Annapax Ana saKaAKH rasoB nnpoAHsa coAep^nx BHeuiHioio xpy6y 32 
H BHyxpenmoK. xpy6y 33, naxpy5KH noABOAa 34 h naxpy6KH oxBOAa 35 
rasoB nnpoAHsa, naxpy6KH noABOAa 36 n naxpy6KH oxBOAa 37 
oxAa>KAaion;eH cpeABi, coo6maK>n^Hec. c sasopoM Me^AY xpyGaMH, h 
cxpyHHBiH a^eKxop, BKAK>HaK>n;HH cohao 38, npHeMHyio KaMepy 39 h 
KaMepy cMemeHHH 40. Cohao 38 coeAHHeno c naxpy6KOM noABOAa rasoB 
nnpoHHsa 34. BnyxpeHH^H xpy6a 33 oahhm h3 kohuob coeAHneHa c 
KaMepoH CMemeHH« 40, a Apy™ KonnoM nepes xpoHHHK 41 coeAHHeHa c 
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npneMHOH KaMepoH 39 h naxpyGKOM oTBO^^a ra30B nHpoJiH3a 35. BneinHHe 
nosepxHOCTH annapaxa noKpbiTbi TenjioH30Ji5mHeH 42. 

nocxynaiomHe h3 naTpy6KOB 22 HMeiomne sHaHHTejiBnyio cKopocTB 
ropHMHe rasBi nnpo^Hsa ^opMHpyioTCH connoM 38 b cxpyio, Koxopan 
noAcacBiBaex Haxo^amnecH b npneMHOH KaMepe 39 oxna>KAeHHBie rasBi. 
OGpasyiomaHCH b KaMepe cMeineHH« 40 cMecB HMeex xeMnepaxypy oKono 
650...700°C. nepeMemaacb no BHyxpeHHCH xpy6e 33, 3xa cMeeb 
oxnaKAaexcH, oxAaBan CBoe xen^o cpe^e, npoxeKaK>meH b sasope Me>KAy 
BHcniHeH 32 h BHyxpenneH 33 xpy6aMH no HanpaBJieHHio ox naxpy6Ka 36 k 
naxpy5Ky 37. ^acxB oxJia^fleHHOH cMecH nocxynaex b npneMHyio KaMepy 
39, a HacxB bbiboahtc^ h3 annapaxa Hepe3 naxpy6oK 35. MaccoBBiH pacxo^ 
cMecH BO BHyxpenneH xpy6e 33 ;^on>KeH Gbixb npH6nH3HxenBHo b flBa pa3a 
6onBme pacxofla npoAyKxoB nHpo™3a, nocxynaK)n^ero h3 peaKXopa. 
npoAomxejiBHOCxB 3aKajioHHoro ox.ia>K;;eHH« npoflyKxoB nnponHaa 
onpeAennexcH xohbko BpeMeneM cMemenHH cxpyn, 4)opMHpyeMOH connoM 
38, c oxna>K«eHHBiMH ra3aMH b KaMepe CMemeHHH 40 h MO>Kex flocxnraxB 
npH6nH3HxejiBHO 0,005 c. B xo ^e BpeM^i pa3MepBi BnyxpenneH xpy6Bi 33 

MOryX 6BIXB BBl6paHBI AOCXaXOHHO 6oJIBmHMH, H OHa MO>KeX C03flaBaXB 

oneHB He3HaHHxenBnBiH nepenafl ^^aBnennn. B^aronpm.xHBiM 
o5cxo«xenBcxBOM «bh«oxc« BecBMa HH3KHe AaBneHHH hoxokob o6ohx 
xemiOHOCHxejieH b «aHHOH ycxanoBKe, hxo no3BonHex ynpocxHXB 
KOHCxpyKUHio annapaxa, chhshxb ero Maccy h cxohmocxb. 

Mo^HO owaxB, ™ no cpaBnenHK) c ycxanoBKaMH xnna 
«MH..HceKonA» Aannoe H3o5pexeHHe no3BO.HX, npn coH3MepHMOH 
^^nnxe^BHOcxH KonxaKxa, chh3Hxb AaB^ienne b peaKunoHHon 30He 
npH6nH3HxenBHO b 1,5.. .2 pa3a, hxo aoh^ho npHBecxn k cymecxBenHOMy 
yBenHHennio BBixo^a OJie^HHOB. Bonee paBHOMepHBin narpeB CBipBH b 
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peaKTope no naoGpexeHHio tek^kc no3BOJiaeT yBejiHHHXB bbixoa one(t)HHOB. 
;^ocTH>KeHHK) xex pesyjiBTaTQB cnocoGcTByex h B03M0>KH0cxi> nonnon 
aBXOMaxH3au,HH npou,ecca. 

npn pa3pa6oxKe peaKxopoB nnpojiHsa no flanHOMy H3o6peTeHHK) 
Moryx 6bixb HcnonbsoBaHbi KOHCxpyKXHBHwe pemenHH, MaxepnaJiBi h 
xexHOJiorHH, npHMeH5ieMBie npn npoH3BOACxBe raaoBBix Typ6HH. Mo>kho 

OOTXB, HXO npH MOmnOCTH npHBOfla 10... 16 MBX B nHp03IH3HOH 

ycxanoBKe MO)Kex 61.1XB AocxHrnyxa npoH3BOAHxejiBHOCXB no 
yrneBOflopoAHOMy cBipBio okojio 9.. .15 xohh b nac, 6™3KaH k 
npoH3BOflHxejiBHOCxH fleiicxByiomHX xpy6HaxBix ne^efi nHponH3a, h 
MOAepHH3a«Hio cymecTByiomnx nponsBO^cxB axMnena h nponHJiena 
MO^HO 6y«ex npoH3BO«HTB nyxcM npocxon 3aMeHBi nennBix ycxanoBOK 
ycxanoBKaMH no HSoGpexeHHio. 

3KOHOMHHeCKHH S^^CKT OX HCnOilBSOBaHHH H3o5peXeHH£ 

onpeaejiHexc^ KaK cyMMa ac^^eKXOB ox noBBimenHH BBixo^a ojicc^hhob no 
oxHomenmo k 3axpaHeHHOMy cBipBio, yMeHBmeHHH cxohmocxh 
oeopy^oBaHHH, a xaK>Ke yMeHBinenHH cxohmocxh ero o6cjiy>KHBaHHH h 

peMOHXa B CBH3H C B03M0™CXBK> HOCXaBKH B BHAC aiperaXOB nOHHOH 

saBOflCKoii roxoBHOCXH. 
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OOPMYJIA H30BPETEHPUI 

1. Gnoco6 noJiyHeHHfl HH3mHX ojic^hhob nHpojiHSOM 
yrjiesoflopoflOB, BKJiioHaiomHH noflorpcB h HcnapeHHC HcxoflHoro cbipta, 
ero cMeineHHe c napoM-pasGaBHTencM, TepMHHecKHH nHpojiH3 b peaKTope, 
oxjiaacflCHHe raaoB nHpojiHsa h nocjie^yiomee pasflejieHHe hx, 
oTJiHHaiomHHca TCM, HTO flna xepMHHecKoro nnpojiHsa HcnojibsyioT 
peaKTop B BHAe jionaxoHHOH MamHHW, pa6oHHM TenoM Koxopofi asjiKioTCfl 
rasbi nHpoHHsa. 

2. Cnoco6 no n. 1, oTJiHHaiomHHca tbm, hto b KanecxBe npHBOAa 
peaKXOpa HcnojiBsyiox ra30xyp6HHHi,iH aBHraxent. 

3. Cnoco6 no n. 2, oxjiHHaiomHHCJi xeM, hxo noflorpes cbipbH n napa- 
pa36aBHxejM nponsBOflax b xenjioo6MeHHHKe, Koxopbin coeAHHfliox c 
BbixjionnbiM naxpy6KOM ra30xyp6HHHoro flBHraxejia. 

4. Cnoco5 no n. 3, oxjinHaiontHHca xeM, hxo nocjie no^orpeBa Cbipb» 
npoH3BOflHx flonojiHHxejibHbiH ero noflorpeB b xenJioo6MeHHHKe, 
coeflHHeHHOM c naxpy6KOM oxso^a rasoB nnpojinsa h3 peai^xopa: 

5. PeaKXop jxnsi nnpojinsa yrjieBOAopo^oB, BKmonaiomHH naxpy6KH 
ana noflBOfla cwpba h oxBOZta ra30B nnpoJinsa, oxjiHHaioniHHCH xeM, hxo oh 
BbinojiHeH B BHAe JionaxoHHon MamnHW, coflep^amefi Kopnyc h poxop, b 
Kopnyce BbinojiHena nonocxb, b Koxopon pasMemenbi Heno;^BH>KHbie 
HanpaBJifliomne jionaxKH, coe;;HHeHHbie c KopnycoM, n poxop c pa6oHHMH 
^lonaxKaMH, npn 3xom naxpyGKH AJia noABo^a cbipbH h oxBOffa ra30B 
nHpojiH3a coo6meHbi c axon nojiocxbio. 

6. PeaKXop no n. 5, oxjiKHaiomnHca xcm, hxo Kopnyc cocxohx h3 
KO^yxa H cKpenJieHHOH c hhm BHyxpeHHen KaponpoHHofi o6ojiohkh, npn 
3XOM KO>Kyx H3HyxpH noKpbix xenjioHSOJumnefi. 
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7. PeaKTop no n. 5, oxjiHHaiomHHca tcm, hto pa6oHHe jionaxKH 
poTopa BbinojiHeHH pa;;HajibHBiMH h hmckjt Kanajiti, cooGmaiomHeca c 
naTpy6KaMH juia. no^BOAa cbiptfl. 

8. Annapax flJia 3aKajiKH raaoB nHpojiHsa, coAep»amHH 
xenjioo5MeHHHK, HMeiomHH pas^ejieHHtie cxchkoh o6-beMw oxjia^AaeMOH 
H HarpeBaeMOH cpefl, oxjiHnaiomHHCfl xcm, hxo oh CHa5>KeH xpoHHHKOM h 

CXpyHHBIM 3>KeKX0p0M, COCXOamHM H3 COHJia, npHCMHOH KaMepbi H KaMepbi 

CMemeHmi, npHHCM KaMepa cMemeHHa 35KeKxopa h oahh h3 naxpy6KOB 
xpoHHHKa cooSmeHbi c o6i,eMOM oxjiaacAaeMOH cpeflbi, a npHCMHaa KaMepa 
3»ceKXOpa coeflHHeHa c ^pyrHM naxpy6KOM xpoHHHKa. 
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CnOCOB nO/iyHEHHa HMSUJUX Q/lEcPklHOB,PEAKTOP /i/ia nMPQ/lM3A 
yr/lEBO/lOPD/lQB H AnnAPAT m 3AKA/1KM rA30B nHP0/lM3A 




cnocDB no/iyHEHUa hMsiumx o/iecphhdb,peaktdp m nkiP0/iki3A 

yr/lEBOflOPOflOB H AHHAPAT A/IJR 3AKA/1KM rA3DB nMP0/lM3A 




cpMr. 2 



CnOCOB nO/iyHEHM5R HM31UMX 0/lEcPMHOB,PEAKTOP m nMP0/lM3A 
yr/lEBO/lOPOflOB M AnnAPAT J\f\9\ 3AKA/1KM rA30B nHP0/lM3A 




cnocQB no/iyHEHH^i m\nm o/iecpmhqb,peaktqp m nmmsk 

yr/lEBOflOPO/lOB H AnnAPAT m 3AKA/1KM rA3DB nMP0/lM3A 




cpMr.5 



cnocoB no/iyHEHH?i hhsiuHx o/iEOkiHOB,PEAKTOP m nHPQ/iM3A 

yr/lEBQ/lQPO/lOB H AnnAPAT m9\ 3AKA/1KH rA3QB nMP0/lH3A 




(PMr.6 



PEOEPAT 

CnOCOB nOJIYHEHHH HH3IIIHX OJIEOHHOB, 
PEAKTOP AJI^ nHPOJIH3A yrJlEBO^OPOAOB H AiniAPAT AJIH 

3AKAJ1KH rA30B riMPOJIHSA 
HsoGpexeHHe oxHOCHXca k He4)TexHMHHecKOH npoMtiiiuieHHOcTH, k 
xexHOJioraflM nojiyneHHa ojie(|)HHOB xepMHHecKHM nHpojiHSOM 
yrjieBo;topoflOB. 3aflaHa noBwmeHHa Bwxofla ojie(|)HHOB pemaexca 
cHH^eHHCM flaBJieHHH B 30He nnpoJiHsa nyxcM HcnojitsoBaHHa peaKxopa b 
BH^e jionaxoHHoii MamHHbi, Kopnyc Koxopofi oGpasyex KOJibueByio 
nojiocxb, rfle pasMemeHbi nenoflBH^Hwe jionaxKH h poxop c pa6oHHMH 
jionaxKaMH. 3aKajiKy rasoB nnpojiHsa npeflnoHXHxejibHO npoHSBOAHx b 
annapaxe c pasflejieHHtiMH oe-bCMaMH oxjiajKflaeMOH h narpeBaeMOH cpe^, 

XpOHHHKOM H CXpyHHBIM 3>KeKXOpOM, npH 3XOM KaMCpa CMeUieHHH 

3»eKXopa H oflHH H3 naxpy6KOB xpoHHHKa coo6maioxc5i c o6:beMOM 
oxjiaacflaeMOH cpeAbi, a npHCMHafl KaMepa ajKCKxopa coe;;HHeHa c ApyniM 
naxpy5KOM xpoHHHKa. 
8 n. ^-Jibi, 6 (^Hx. 
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